It is unethical to deny access to potentially life-saving therapies on the basis of age alone. However, the suffering of critically ill geriatric patients is significant, and care that merely prolongs the dying process is neither sensible nor compassionate. In addition, ICUs account for nearly one-third of acute care expenditures [6] , [7] and are routinely at full capacity, making resource allocation challenging. [8] Finally, it is difficult to offer appropriate counsel if the expected outcomes for older patients are unclear. Physicians often make inaccurate predictions on the life expectancy of critically ill patients, [9] which highlights the importance of analyzing severity-adjusted mortality in diverse populations.
A number of researchers have examined outcomes for older ICU patients. [1] , [10] , [11] , [12] , [13] Most of these studies were small (sample sizes < 1,000 patients), but the findings suggest that advanced age alone should not preclude ICU admission. The presence of other comorbidities appeared to have a greater impact on in-hospital mortality. Nevertheless, there is still some reluctance to admit very elderly patients to ICUs, even when critical care is otherwise appropriate. [14] Project IMPACT (PI) [14] is a large, modern, multicenter database of intensive care patients. We recently used PI data from 135 ICUs for 124,885 patients treated in 2001 to 2004 to update the Mortality Probability Model (MPM)-III [4] in which we observed that 14% of patients had no MPM risk factor other than age. This "zero factor" subgroup of elective surgical patients had a notably low mortality risk (2% vs 14% overall). We also saw that age modified the effect of seven risk factors on mortality. [4] For reference, we provide the model and its variable definitions in e-Appendixes 1 and 2, respectively. Here, we further analyze PI data to determine more definitively how age is associated with mortality among critically ill patients.
Database
Data were provided by PI, and additional information on PI is available online. [15] Participating ICUs in PI submitted data at least quarterly to a central repository. User software performed extensive checks for data accuracy and completeness. The central site performs supplementary data analyses and queries participants when questionable data are identified. [16] , [17] Previous studies using this database have been published, [4] , [18] , [19] and good agreement between the PI central database and reabstracted patient charts exists. [16] PI data were stripped of identifiers in accordance with Health Insurance Portability and Accountability Act regulations, and the data set provided was limited to variables needed for this project. We analyzed data for patients treated in 156 PI ICUs in 116 primarily North American hospitals between March 2001 and June 2004. To eliminate potential bias from very-low-volume ICUs and new participants, we excluded data from ICUs with < 100 patient records in the study database, and records for patients not meeting MPM-II applicability criteria (ie, cardiac surgery, acute myocardial infarction, burns, or aged < 18 years) were further excluded, leaving 124,885 patients from 135 ICUs at 98 hospitals. The MPM-III project was reviewed by the Institutional Review Board at Baystate Medical Center (Springfield, Massachusetts) and was determined to be exempt from the need for approval (IRB-6-170) because it met all requirements for use of anonymized data.
Statistical Analysis
We stratified the data set by age (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 30 -39, 40-49, 50-59, 60-69, 70-79, 80-89, 90+ y) and by patient type (medical, unscheduled/emergency surgical, and elective/scheduled surgical). We also identified patients with at least one additional MPM risk factor other than age, patient type, zero factor, or full-code status. Counts and in-hospital mortality rates among groups were compared using the χ 2 test. All statistical analyses were done using Stata/SE version 10.1 (StataCorp; College Station, Texas).
Analysis of MPM-III
The seven interaction terms with age in the MPM-III model (e-Appendix 1) all had negative coefficients, meaning that these risk factors interacted with age in a nonadditive way (ie, mortality probability for each of these risk factors depended on the patient's age). In other words, the presence of these risk factors increased the risk of dying, but this increased risk was not constant and instead lessened as patients aged. Figure 1 depicts this increase for three commonly encountered risk factors: hypotension, cirrhosis, and metastatic cancer. Had age not modified the effect of these risk factors, the lines representing the mortality rates of those patients with each factor would have been parallel to the line plotted by age alone (denoted as the solid line). Table 1 provides information on patient characteristics. A histogram of the patients' ages is shown in Figure 2 . The median age was 63 years (interquartile range, 48-75 years). The histogram shows that age was not normally distributed, but instead, a disproportionate number of patients were aged > 65 years, which confirms known demographic trends. [4] Other facility (SNF, rehab, LTV) 790 (0.6)
Other location not Table 2 shows the counts and prevalences by age group and patient type. For example, 17,315 patients (13.9% of the data set) were aged 80 to 89 years, and 12.7% of this group were elective surgical patients with no risk factors (ie, the "zero factor" patients in MPM-III), whereas 45.9% were medical patients with at least one MPM risk factor other than age. Table 2 also reveals that older medical patients admitted to the ICU were more likely to have additional MPM risk factors, whereas this trend was not seen among the surgical patients. Table 3 presents the in-hospital mortality rate for each cell. For example, the mortality rate for patients aged 80 to 89 years with elective surgery and no other MPM risk factors was 4.3%, whereas for elective surgical patients with at least one other MPM risk factor, the rate was 17.7% (P < .001). As expected, mortality rates increased with age for all patient subtypes as shown in Figure 3 . The elective surgical group with no other MPM risk factors had the lowest mortality rates (0.4%-9.2%), whereas medical patients with at least one other MPM risk factor had the highest mortality rates across all age groups (12.1%-36.0%). In these two subsets, mortality rates approximately doubled in the elective surgical group among patients in their 70s (2.4%), 80s (4.3%), and 90s (9.2%) but rose less dramatically in the medical patients (27.0%, 30.7%, and 36.0%, respectively). Mortality rose considerably for all patient types when MPM risk factors were present. The smallest relative increase in deaths occurred in medical patients aged > 90 years. However, even for these nonagenarians, the mortality rate was 19.3% for those with no other MPM risk factors but almost doubled to 36.0% (relative risk ratio, 1.87; P < .001) for those with at least one additional risk factor. Table 3 and Figure 3 also highlight low mortality rates for certain patient subsets. Among elective surgical patients aged < 40 years with no MPM risk factors, the mortality rate was just 0.4%, although these same patients in their 80s and 90s had mortality rates of 4.3% and 9.2%, respectively, which may be considered quite high. However, "acceptable" mortality rates are context driven because the youngest (aged 18-29 years) patients with at least one MPM risk factor had similar mortality rates as the elderly patients (elective surgical, 4.7%; emergency surgical, 10.8%; medical, 12.1%).
The primary reason for ICU admission varied by patient type (Fig 4) . Postoperative observation was more common in elective than unscheduled surgical patients (21.1% vs 15.1%; P < .001). However, the proportion of postoperative observation surgical patients aged ≥ 70 years (38.2%) was similar to surgical patients overall (40.0%). This study demonstrates that select older patients admitted to ICUs have low in-hospital mortality rates, particularly when MPM risk factors are absent and surgery is scheduled. Because MPM risk factors are quite serious conditions known at ICU admission (eg, coma/deep stupor, metastatic neoplasm, CPR within 24 h), it is both clinically intuitive and empirically supported that their presence increases the chance of dying. [4] We note, though, that mortality rates of nonagenarians undergoing elective surgery were somewhat high (9.2%-23.2%), and this finding must be considered carefully when deciding treatment options.
Caution also must be taken when generalizing these findings to all elderly critically ill patients due to the selection bias present in these results. Patients aged in their 80s or 90s who are terminally ill or in poor overall health are more likely to choose palliative care or less aggressive therapies that do not require ICU monitoring. We also observed that older medical patients were more likely to have additional MPM risk factors, but this trend was not seen in the surgical patients. So in some fundamental ways, the study's population of elderly ICU surgical patients may be healthier than other hospitalized geriatric patients outside the ICU with the same MPM risk factors. This selection bias, however, reflects the real-world decisionmaking of clinicians, patients, and families as well as suggests that ICU case selection is reasonably judicious, at least among PI hospitals and for the outcome of in-hospital mortality. Further research is needed to examine the association between age and resource use in the ICU to further ensure that intensive care is given to the most suitable populations.
In addition to the risk of mortality, physicians may be reluctant to recommend surgery in geriatric patients for fear of postoperative delirium or permanent postoperative cognitive dysfunction. [20] , [21] No large prospective study has examined short-and long-term cognitive outcomes among elderly patients requiring ICU admission after major surgery, [21] and existing research has produced conflicting results. However, Avidan et al [20] showed retrospectively that operating on older adults was not linked to cognitive decline, whereas Ouimet et al [22] found that age was not a risk factor for ICU delirium.
The MPM-III was validated on external data [19] and across a wide range of patient subsets. [23] However, MPM-III and other models specifically designed for critically ill geriatric patients [24] are not applicable to individuals but only to patient groups and as such, may help to identify elderly subgroups at high risk of dying after ICU admission.
Notably, the PI age-stratified risk-adjusted mortality rates dovetail with prior research. de Rooij et al [11] reviewed 15 studies of geriatric ICU patients from 1966 to 2005. Although most studies were small (10 studies had < 1,000 patients) and from single institutions, the overall conclusion was that "ICU mortality was higher in elderly patients" but that "high age alone was not responsible for poorer outcomes, but premorbid functional status and severity of illness also contributed." Marik [25] also conducted a literature review and agreed, noting that "age alone should not be used to triage ICU patients." He recommended that decisions to admit elderly patients rely on an assessment of their acuity, prehospital functional status, and personal treatment wishes. European studies also have found that advanced age alone does not preclude good outcomes for patients
Limitations
The MPM-III relies only on the most common and severe critical care risk factors by design. [4] Consequently, some variables that influence ICU admissions and outcomes that are prevalent among the elderly, such as malnutrition and low BMI, [29] are not included, and their effects cannot be assessed. Other absent factors such as dementia, depression, and prior nursing home residence are associated with poor outcomes for elderly patients requiring hospitalization and have not been comprehensively analyzed by intensivists. [12] , [30] , [31] Geriatric patients with these risk factors likely will die at higher rates than predicted by the MPM-III, even in the absence of other MPM-III risk factors, and may be poor candidates for ICU admission. [4] We stratified the elective surgical, emergency surgical, and medical patients into two groups: those with no additional MPM risk factors and those with at least one additional risk factor (excluding age, full-code status, and medical or emergency surgical status) and did not distinguish between acute and chronic factors. This decision was reasonable because the median number of additional risk factors after these exclusions was 1 (interquartile range, 0-1). However, an analysis of specific MPM-III variables or variable combinations may have provided more nuanced results though likely similar overall conclusions. We also did not have data on the type of surgery performed within the surgical groups, and so the association between surgical complexity and mortality is unknown.
Finally, we could only assess in-hospital mortality among patients admitted to the ICU. The association of age on long-term survival for these patients is unknown. Also unknown, although clearly of interest, would be how patients fared who were not admitted to the ICU because of their age, acuity, prognosis, or wishes. We also lacked data on the quality of life after discharge in this cohort. Recent studies showed that prolonged ICU stays, regardless of age, led to ICU-acquired paresis. [32] Nevertheless, other studies indicated that elderly patients who survived had an acceptable quality of life thereafter. [10] , [33] , [34] A more-robust analysis of outcomes for critically ill older patients would include data on patient quality of life, functional status outcomes, readmission rates, and ICU admission status.
Because of its size and recent data, this study definitively confirms that even the oldest ICU patients may fare well if other risk factors are absent. Our main finding is that advanced age alone does not preclude successful intensive care, especially in the cohort of elderly elective surgical patients admitted to ICUs. These findings may reflect the preferences of both clinicians and patients to avoid surgery or intensive care for those who are frail and nearing the end of their lives, but in a real-world population, the relatively low hospital mortality rate even in patients in their 80s is encouraging. This study also highlights that chronologic age alone offers much less prognostic information than age in the context of known MPM risk factors. Therefore, a holistic assessment of the critically ill patient, regardless of age, is needed to determine appropriate treatment.
